acute glomerulonephritis, or whether its role depends on the Renovascular hypertension does not influence repair of glotype of glomerulonephritis. merular lesions induced by anti-thymocyte glomerulonephritis.
Injection of anti-thymocyte serum (ATS) induces commediated glomerular damage. To evaluate this effect, we applement-dependent mesangiolysis followed by a mesplied a model of glomerulonephritis in rats with two-kidney, angioproliferative glomerulonephritis with monocyte/ one-clip hypertension and studied the effect of hypertension on the healing process of this nephritis. macrophage infiltration and excess mesangial matrix deMethods. The anti-thymocyte serum (ATS) glomeruloneposition. However, the glomerular lesions resume and phritis was induced in rats six weeks after initiation of twohypercellularity and extracellular matrix accumulation kidney, one-clip hypertension, when blood pressure was already disappear almost completely. Whereas the acute phase increased. Renal structure and function were examined six of the ATS nephritis has been studied in great detail weeks later. Glomerular expression of ␣ smooth muscle actin, the cell cycle inhibitor p27 Kip1 , and transforming growth factor-␤ [1] [2] [3] [4] [5] [6] , the mechanisms of regression of this nephritis are not occur.
Results. Decreased survival, an increase of proteinuria, as
The role of hypertension in the progression of glomerwell as increased glomerular and tubulointerstitial damage, were found in hypertensive rats compared with normotensive ulonephritis has been examined in a number of models rats. Expression of fibronectin, ␣-smooth muscle actin, TGF-␤, in which various forms of hypertension and glomeruloneand p27 Kip1 was increased in the nonclipped kidney. Complete phritis have been combined. Models of glomerular injury healing of the glomerular changes associated with the nephritis produced by antiglomerular membrane antibody [7] [8] [9] [10] [11] occurred in normotensive nephritic rats. Surprisingly, complete and antibody to or immunization with renal brush border healing of the nephritis was also found in the clipped as well antigen [12, 13] have been used. Glomerular injury inas nonclipped kidneys of renovascular hypertensive rats. No significant differences could be found for survival, proteinuria, duced by immune-mediated glomerulonephritis was augglomerular size, proliferation, monocyte/macrophage infiltramented in hypertensive animals. Moreover, in most studtion, sclerosis, tubulointerstitial damage, as well as expression ies, the nephritis actually amplified and enhanced the tis. Decreased glomerular filtration rate (GFR) and inSystolic blood pressure and proteinuria creased number of intraglomerular microaneurysms were Systolic blood pressure was measured by tail cuff plefound in the nonclipped kidney five days after the inducthysmography in awake rats as described [15] [16] [17] . The tion of the nephritis [14] .
animals were placed in individual metabolic cages, and To our knowledge, there are no data available on the 24-hour urine collections were made for determination long-term sequelae of hypertension on healing of a gloof proteinuria. merulonephritis. Therefore, the effect of hypertension on this healing process is unknown. In the present study, Renal function we studied the long-term effect of hypertension in rats Six weeks after induction of the nephritis, rats were with ATS nephritis.
anesthetized with thiopental (50 mg/kg intraperitoneal) and placed on a heated-operating table. A tracheostomy was performed, and polyethylene catheters were inserted METHODS in the right jugular vein and in the ureter of the nonTwo-kidney, one-clip hypertension clipped kidney for solute infusion and sample collection. Studies were performed in male Sprague-Dawley rats
To replace fluid losses associated with anesthesia and (Charles River, Kilegg, Germany). The animals had free surgery, animals received iso-oncotic albumin infusion access to tap water and standard rat chow. In rats with 1 mL/100 g body wt over 30 minutes. A bolus (0.2 weighing 120 to 140 g, two-kidney, one-clip hypertension mL/100 g body wt in 10 min) of a solution containing was induced as described previously [15] [16] [17] . For this 3% inulin in 5% glucose was given, followed by an infupurpose, a rigid U-shaped silver clip (0.23 to 0.25 mm sion rate of 0.6 mL/100 g/h for a 60-minute control period internal diameter) was placed around the right renal to reach constant urine flow. Thereafter, two 30-minute artery through a loin incision, while the rat was under clearance periods followed. Urine was collected from ketamine/xylazin anesthesia (100/10 mg/kg intramuscuthe ureter in preweighed tubes, and urine volume was larly; Parke-Davis/Bayer, Berlin/Leverkusen, Germany). determined gravimetrically. Blood was collected in the The clips used in the present study are slightly wider middle of each clearance period for determination of than in most studies to avoid severe atrophy of the inulin concentration. Inulin concentration was measured clipped kidney. The nonclipped kidney remained unby the anthrone reaction according to Fü hr, Kaczmartouched. In sham-operated control rats, the same proceczyk, and Krü ttgen as described [18] . dure was performed without applying a clip. Rats were evaluated six weeks after surgery. Only those rats with Renal morphology systolic blood pressure Ͼ160 mm Hg were included in At the end of the clearance periods, kidneys were the protocol. Sixty-eight from 94 operated rats met these removed and weighed. Kidney slices were fixed in 4% criteria.
buffered formalin or Carnoy's solution, paraffin embedded, sectioned to 3 to 4 m thick sections, and stained Induction of glomerulonephritis with periodic acid-Schiff (PAS). Tissues were stained Immune-mediated mesangial cell injury was induced with antibodies against rabbit IgG (goat anti-rabbit; Dasix weeks after the initiation of two-kidney, one-clip hykopatts, Hamburg, Germany), antiproliferating cell nupertension in hypertensive and normotensive rats by the clear antigen (PCNA; Dakopatts, M879, Hamburg, Gerintravenous injection of 0.5 mL/100 g body wt of an ATS. many), ED-1 (Chemikon International, Temecula, CA, ATS was induced in rabbits by repeated immunization USA), and fibronectin (sheep anti-human; Biotrend, Cowith thymocytes from Lewis rats as described [3] . Details logne, Germany). The tissue sections were developed of the characterization of the antiserum were described with the APAAP complex using antibodies described earlier [1] .
earlier [3] . Histologic studies were performed in a blinded Four groups of animals were studied: (1) normotensive fashion. To evaluate the appearance of proliferating glocontrol animals (CON), (2) normotensive animals ϩ nemerular cells, at least 20 glomeruli were evaluated from phritis (ATS), (3) two-kidney, one-clip hypertensive anieach kidney. Glomerular sclerosis was evaluated using mals (2K1C), (4) two-kidney, one-clip hypertensive ania modification of the method of Raij, Azar, and Keane mals ϩ nephritis (2K1C ϩ ATS).
[19] as described earlier by us [15, 16] . Thereby, grade 1 The study was carried out in four complete sets of represents involvement of up to 25% of the glomerulus, experiments. Each set of experiments contained 4 to 10 and grade 4 represents injury of 75 to 100% of the gloanimals in each group. Before injection of ATS, no sigmerulus. Thirty glomeruli were evaluated from each kidnificant difference was measured for systolic blood presney. In addition, the amount of tubulointerstitial damage sure in hypertensive controls (193 Ϯ 4 mm Hg, N ϭ 34) of the kidney (tubular atrophy and dilation, interstitial and in hypertensive rats receiving ATS (197 Ϯ 3, N ϭ 34). Blood pressure in normotensive rats was 107 Ϯ 3 mm Hg.
fibrosis, proteinaceous casts) was estimated by examin- many) as we described [15] . Using a serpentine movement from cortex to medulla and vice versa, the outlines of 30 consecutively encountered capillary tufts were traced manually, and the mean glomerular random crosssectional area (AG) was determined. The average glomerular tuft volume (VG) was then calculated according to Weibel as VG ϭ (␤/k)(AG)3/2, where ␤ ϭ 1.38 and k ϭ 1.1 are shape and size distribution coefficients, respectively [20] .
Western blotting
Western blotting was performed as we recently described [21] . Glomeruli were isolated by differential sieving and resuspended in Laemmli buffer. Samples were boiled and centrifuged. Protein concentration was deter- CA, USA). To equal amounts of protein (100 g), Laemmli buffer 2 and 1/5 staining solution (42.5% glycerol, 0.5% bromphenol blue) were added. Samples were electrophoresed on sodium dodecyl sulfate-polyacrylamide ing 20 fields (magnification ϫ100) and semiquantitatively gels (SDS-PAGE). Proteins were electroblotted onto grading the degree of damage in each field using a 0 to nitrocellulose (Hybond-ECL; Amersham, Braunschweig, 3ϩ scale.
Germany). The membrane was blocked with 5% nonfat Planimetric examinations of glomerular cross-sectional dry milk in washing buffer [1 ϫ phosphate-buffered saarea were performed by means of a Zeiss drawing tube line (PBS), 0.1% Tween 20]. in combination with a semiautomatic interactive image analysis system (Morphomat 30; Zeiss, Oberkochen, GerFollowing antibodies were used in a 1:1000 dilution: Fig. 4 . Glomeruli of normotensive nephritic rats revealed by light microscopy no more proliferative disease (B). They were indistinguishable from normotensive controls (A; PAS ϫ400). For comparison, (C) shows a glomerulus five days after injection of the same batch of antiserum, which was used in the present study, demonstrating glomerular extracellular matrix expansion. The glomeruli of the clipped kidney with (E) or without nephritis (D) generally had a normal appearance. Light microscopy of glomeruli in the nonclipped kidney from rat that received ATS had structural changes that are characterized by an increase in mesangial matrix and sclerosis (G). However, no significant difference could be detected in comparison to the nonclipped kidney of hypertensive rats without nephritis (F).
transforming growth factor-␤ (TGF-␤), rabbit anti-por-0.05. To compare two distinct treatment groups, we applied the Student's t-test. For comparison of all groups, cine antibody (R&D Systems, Minneapolis, MN, USA); p27 Kip1 , mouse monoclonal anti-human antibody (Transone-way analysis of variance was used as a screening test, if appropriate. duction Laboratories, Lexington, MA, USA); ␣ smooth muscle actin, mouse monoclonal antihuman antibody (Sigma, St. Louis, MO, USA). RESULTS The second antibody was a rabbit anti-mouse horseGeneral characteristics radish peroxidase-conjugated or mouse anti-rabbit IgG in a 1:1000 dilution (Transduction Laboratories). Peroxi- Table 1 shows the characteristics of the studied anidase labeling was detected with luminescence immunomals. The hypertensive rats had lower body weights than detection (ECL; Amersham) according to the manufacnormotensive rats. In hypertensive rats, hypertrophy of turer's recommendations.
the nonclipped kidney and atrophy of the clipped kidney The American Physiological Society's guidelines of exoccurred. Induction of nephritis did not change this patperimental animal research were followed, and approval tern. Heart weight was significantly increased in hyperwas obtained from the University animal care committee.
tensive animals versus normotensive controls, and no significant difference was found between normotensive Statistical analysis controls and normotensive rats with nephritis or hypertensive rats and hypertensive rats with nephritis. Heart Results are expressed as means Ϯ SEM unless stated otherwise. Statistical significance was defined as P Ͻ hypertrophy is causally related to high blood pressure and represents hypertensive target-organ damage. The compared with controls and was close to identical in both hypertensive groups. pattern of the heart weight supports the data on blood pressure showing no differences between rats with and Proteinuria without nephritis.
Proteinuria six weeks after injection of ATS is deSurvival picted in Figure 3 . Proteinuria was not significantly different between controls (10 Ϯ 0.9 mg/24 h) and normoAn important parameter studied in the present experiments was survival of the rats. Figure 1 shows animal tensive nephritic rats (14 Ϯ 1.6 mg/24 h). In contrast, urinary protein excretion was significantly increased in survival in the four experimental groups. All normotensive rats (19 of 19 normotensive controls and 22 of 22 normoboth hypertensive groups, reaching 37 Ϯ 6 mg/24 h in hypertensive rats and 42 Ϯ 11 mg/24 h in hypertensive tensive rats with nephritis) survived the six-week period after induction of the nephritis. In contrast, significantly nephritic rats. However, no significant difference was found between both hypertensive groups. decreased survival was observed in hypertensive rats. However, in the four performed sets of experiments, no Renal function significant difference was observed for survival between hypertensive rats (21 of 34 rats ϭ 62 Ϯ 6%) and hyperWe have recently demonstrated that GFR of the nontensive rats with nephritis (17 of 34 rats ϭ 50 Ϯ 18%).
clipped kidney is reduced in 2K1C rats five days after induction of the nephritis, whereas no significant differBlood pressure ence was found for GFR of the clipped kidney compared with normotensive rats after induction of the nephritis The systolic blood pressure at the end of the study is illustrated in Figure 2 . Blood pressure, as measured by [14] . To evaluate whether the decreased renal function persists, we measured inulin clearance of the nonclipped tail plethysmography, was elevated in hypertensive rats kidney at the end of the present study. No significant filtration by mononuclear cells were found. However, similar to normotensive rats, nephritic changes were no difference was found for GFR of the nonclipped kidney between hypertensive rats (2.35 Ϯ 0.2 mL/min, N ϭ 6) more found in the clipped (Fig. 4E ) and nonclipped kidney (Fig. 4G ) of hypertensive rats six weeks after the and hypertensive nephritic rats (2.22 Ϯ 0.3 mL/min, N ϭ 6), indicating full recovery of the initially depressed induction of the nephritis. Increased glomerular sclerosis was found in the nonclipped kidney of hypertensive rats GFR in the nonclipped kidney after healing of the nephritic lesions.
( Fig. 5) . However, no significant difference could be detected between hypertensive rats with and without neHistologic finding phritis, demonstrating complete healing of the nephritic changes. Mai et al and Eng et al demonstrated recently Quantitative evaluation of PAS-stained sections obtained six weeks after the induction of the nephritis was that the tubulointerstitial damage precedes the glomerular injury in the nonclipped kidney of Goldblatt hyperperformed. As judged by light microscopy, no more nephritic changes could be detected in normotensive rats tensive rats, suggesting a dominant pathophysiologic role for the tubulointerstitial damage in nephrosclerosis [22, 23] . six weeks after induction of the nephritis, indicating complete healing of the nephritis (Fig. 4B ). They were indisWe therefore evaluated the pattern of tubulointerstitial injury by scoring. In accordance with the glomerular tinguishable from normotensive controls (Fig. 4A) . For comparison, Figure 4C shows a glomerulus from a rat data, tubulointerstitial damage was increased in the nonclipped kidney of both hypertensive groups, but no sigfive days after injection of the antiserum, demonstrating the typical lesions of the ATS model with glomerular nificant difference was found between nephritic and nonnephritic rats six weeks after induction of the nephritis hypercellularity and matrix expansion.
The clipped (Fig. 4D) as well as the nonclipped kidney (Fig. 6 ).
Fibronectin is a multifunctional glycoprotein found in (Fig. 4F) showed changes consistent with earlier reports by us and others of the morphology of the clipped kidney the extracellular matrix of most tissues. It is involved in a broad range of biological activities, including proliferaand nonclipped kidney in rats with renovascular hypertension [14, 15, 22, 23] . Glomerulosclerosis was evident, tion, migration, cell remodeling, and wound repair [24] . We therefore examined glomerular fibronectin deposiand the interstitium showed patchy infiltrates of mononuclear cells as well as fibrosis. Atrophy of tubules with tion. Immunohistological staining of renal tissue with an antibody against fibronectin revealed significantly inflattened epithelium, and widened lumina occasionally containing eosinophilic hyaline casts occurred. The glocreased glomerular staining in the nonclipped kidney (P Ͻ 0.007) in comparison to controls and the clipped meruli of the clipped kidney generally had a normal appearance. Only very few focal areas of tubular atrophy kidney. However, no significant difference was found between nephritic and non-nephritic rats (fibronectin with accompanying moderate interstitial fibrosis and in- Fig. 6 . Tubulointerstitial damage evaluated by scoring is shown. Tubulointerstitial injury was significantly increased in the nonclipped kidneys, but no significant difference could be detected for the nonclipped kidney between nephritic and non-nephritic rats. *P Ͻ 0.05; **P Ͻ 0.001 vs. normotensive controls.
score: controls 0.99 Ϯ 0.06; 2K1C rats: clipped kidney tissue sections for PCNA, a nuclear protein that is increased from late G 1 to the M phase of the cell cycle. 0.63 Ϯ 0.29, nonclipped kidney 1.70 Ϯ 0.14, and ATS 1.06 Ϯ 0.17; 2K1C ϩ ATS: clipped kidney 0.79 Ϯ 0.12, Glomerular cell proliferation in the normotensive as well as hypertensive rats six weeks after induction of the nonclipped kidney 1.9 Ϯ 0.14; Fig. 7) .
␣-Smooth muscle actin is a very sensitive marker of nephritis was not different from animals that had no glomerular immune injury. These data support the conmesangial cell activation and injury [25] . Because we could not detect any difference in glomerular injury by cept of complete resolution of the nephritic lesions in normotensive as well as hypertensive rats (Table 2) . light microscopy between normotensive and hypertensive nephritic rats, we thought to measure glomerular Glomerular monocytes/macrophage infiltration levels of ␣-smooth muscle actin by Western blotting, which might be a more sensitive method than light miAnother hallmark of almost every glomerulonephritis croscopy to detect potential differences in glomerular is infiltration by monocytes/macrophages [26] . To deterinjury or activation. As shown in Figure 8 , ␣-smooth mine the glomerular infiltration of monocytes, tissues muscle actin expression was up-regulated in the nonwere stained with a specific antibody against monocytes/ clipped kidney compared with controls and the clipped macrophages (ED-1). As shown in Table 2 , there was kidney, but no significant differences could be detected no significant difference between normotensive controls between the nonclipped kidney of rats with and without and normotensive nephritic rats as well as the clipped nephritis.
and nonclipped kidney of hypertensive rats with and without nephritis in the number of glomerular monoIgG staining cytes/macrophages, again indicating complete resolution of the nephritic lesions. We have previously shown that 24 hours following the injection of ATS, selective binding of rabbit IgG can be Glomerular volume detected in the mesangium by immunohistology [3, 14] . In the present study, no more rabbit IgG staining was Glomerular hypertrophy is an important parameter that can lead to the progression of chronic renal disease detectable in normotensive and both kidneys of hypertensive rats six weeks after the induction of the nephritis [27, 28] . Hypertrophy in the nonclipped kidney may be an early compensatory mechanism to replace initially Since no specific staining was found in all groups, statistical analysis was not performed.
the loss of functioning tissue in the clipped kidney; however, this maladaptive process eventually fosters the proGlomerular proliferation is a hallmark of the ATS nephritis. To quantitate proliferative changes further, gressive loss of renal function. We have previously characterized the pattern of glomerular size and glomerular glomerular proliferation was studied by immunostaining sclerosis in 2K1C rats [15, 16] . At least to our knowledge, and prevents entry of cells into S phase through inhibition of G 1 -phase cyclin/cyclin-dependent kinase comno data are available on the changes of glomerular size in nephritic rats. We therefore measured glomerular volplexes. We and others have previously shown that p27 Kip1 induces hypertrophy and might serve as a marker of cell ume by planimetry of glomerular cross-sectional areas. As shown in Table 3 , six weeks after induction of the hypertrophy [29, 30] . The dynamic behavior of p27 Kip1 in the acute phase of the ATS nephritis has been described nephritis, glomerular size in nephritic normotensive rats was not significantly different from normotensive conearlier by Shankland et al [31] . To evaluate glomerular hypertrophy at the cellular level, p27 Kip1 levels were evaltrols. In hypertensive rats, glomerular hypertrophy occurred in the nonclipped kidney, and a decrease of glouated by Western blotting. To our knowledge, this is the first study examining glomerular expression of cell cycle merular size was noted in the clipped kidney. This pattern was also found in the hypertensive rats with proteins in hypertension. As demonstrated in Figure 9 , hypertensive rats showed increased levels of p27 Kip1 in nephritis.
The cell cycle inhibitor p27 Kip1 causes G 1 -phase arrest the nonclipped kidney compared with the clipped kidney ( Fig. 10) . However, no difference could be detected between nephritic and non-nephritic animals.
DISCUSSION
Systemic hypertension is a major risk factor that determines the rate of progression of renal disease. The glomerular lesions of the ATS nephritis resume in normotensive rats and hypercellularity and extracellular matrix accumulation disappear almost completely within weeks tive treatment of glomerular injury. One of the mechanisms inhibiting healing of glomerular lesion might be systemic hypertension. Since ATS nephritis is a normoor controls. However, no significant differences could be tensive model of glomerular inflammation, we thought detected for p27 Kip1 expression between the nonclipped to determine whether high blood pressure would inhibit kidney of rats with and without nephritis. This again or modify repair of the nephritic lesions and conseconfirms that no difference could be detected between quently enhance glomerular scarring. normotensive and hypertensive nephritic animals.
There are two mechanisms by which hypertension damages the kidney. Transmission of the systemic blood presTransforming growth factor-␤ sure to the glomerulus may induce an increase in glomerWe and others have recently demonstrated that TGF-␤ ular capillary pressure and the resultant "barotrauma" plays a pivotal role in the ATS nephritis [21, 32] as well may cause sclerosis [34] . Glomerular hypertrophy may as in Goldblatt hypertension [33] . To quantitate further enhance this injury [27, 28] . On the other hand, hypertenglomerular TGF-␤ levels, Western blotting of glomerular sion-induced vascular damage with narrowing may cause lysates was performed. Similar to our previous finding glomerular hypoperfusion and ischemic nephropathy in rats with short-term 2K1C hypertension [33], hyper- [35] . Both entities can be studied in two-kidney, onetensive rats in the present study showed 12 weeks after clip hypertensive rats: hyperperfusion and glomerular clipping still increased levels of TGF-␤ in the nonclipped hypertrophy in the nonclipped kidney and ischemia in the clipped kidney. Therefore, this model is suitable for kidney compared with the clipped kidney and controls Fig. 9 . By Western blotting, p27 Kip1 was detectable in isolated glomeruli. Expression of p27 Kip1 was increased in the nonclipped kidney, but no difference could be detected between nephritic and non-nephritic rats. This Western blot was repeated twice with similar results. studying the effects of glomerular hypertension, glomerular hypertrophy, and ischemia on healing of the nephritic glomerular damage.
We and others have recently studied and characterized the acute phase of ATS-induced glomerulonephritis [1] [2] [3] [4] [5] [6] . However, much less is known about the reparative mechanisms in this model of glomerular injury. Several basic responses appear common, especially the response of the injured mesangial cell. These include cell proliferation and hypertrophy, monocyte/macrophage infiltration, expression of new antigens, changes in cell cycle proteins, and extracellular matrix deposition. Intervened in these processes are mechanisms that restore the origi- The present study demonstrates that neither arterial hypertension, increased glomerular capillary pressure and hypertrophy, nor ischemia obviously inhibit these reparative mechanisms. The hallmarks of an acute nephritis, like glomerular proliferation and monocyte infillates expression of matrix proteins as well as interferes with the turnover of these components by inhibiting coltration, disappeared, and neither additional scarring nor enhanced tubulointerstitial damage was observed in the lagenases [38] . Several investigators, including our group, have demonstrated that TGF-␤ plays a pivotal role in hypertensive rats after healing of the nephritic lesions. Moreover, no significant differences could be detected the ATS nephritis [21, 32] . Moreover, we have recently also described an up-regulation of TGF-␤ mRNA in the for glomerular fibronectin deposition. In addition, no difference was observed for glomerular levels of ␣-smooth nonclipped kidney of rats with 2K1C hypertension [33] . We could confirm the increased expression of TGF-␤ in muscle actin, which can serve as a very sensitive marker of mesangial cell injury [25] . One of the most intensively the nonclipped kidney in the present study also on the protein level. However, no differences were found for studied profibrogenic cytokines is TGF-␤, which stimu-TGF-␤ between the nonclipped kidney of nephritic and specific lesions or somehow modifying the course of the non-nephritic hypertensive rats. nephritic changes. This is the first study, at least to our knowledge, demNo significant differences were found in the present onstrating increased levels of the cell cycle inhibitor study for all surrogate parameters of renal function and p27 Kip1 in the nonclipped kidney of 2K1C rats in comparistructure between hypertensive rats with and without son to controls. It has been shown that p27 Kip1 can induce nephritis. Furthermore, it is noteworthy that there was cell hypertrophy and might also serve as a marker of also no significant difference for renal survival and death cellular hypertrophy [29, 30, 39] . Therefore, the inbetween these groups, confirming the clinical importance creased levels of p27 Kip1 in the nonclipped kidney might of the surrogate parameters. It is relevant to note in this be explained by the increased glomerular size in the context that the found lethality in both hypertensive nonclipped kidney as shown by the morphometric data.
groups is consistent with the assumption that we used a In addition, TGF-␤ is known to up-regulate p27 Kip1 , and severe form of hypertension. However, we cannot rule the increased expression could be explained by the inout that use of a more severe form of Goldblatt hypertencreased levels of TGF-␤ in the nonclipped kidney. Moresion would have changed the results of the present study. over, angiotensin II induces p27 Kip1 in vitro as well as in As mentioned previously in this article, 2K1C Goldblatt vivo (abstract; Wenzel et al, J Am Soc Nephrol 10:564, hypertension is at least in part an angiotensin II-depen-1999) [29, 30] . 2K1C hypertension is an angiotensin IIdent model of hypertension [40] . Therefore, another sedependent model of hypertension [40] . Therefore, inries of experiments was devoted to the long-term effects creased expression of p27 Kip1 in the nonclipped kidney of hypertension induced by infusion of angiotensin II by but not in the clipped kidney could be explained by the osmotic minipumps on healing ATS nephritis. However, fact that the angiotensin II receptors are down-regulated much to our surprise, did angiotensin II suppress the in the clipped kidney [41] . Since the acute phase of the early phase of the ATS nephritis by reducing glomerular ATS nephritis shows a dynamic pattern of glomerular monocyte infiltration, proliferation, and matrix expanp27
Kip1 expression [31], the finding of no more difference sion. Therefore, healing of the ATS nephritis could not between nephritic and non-nephritic rats confirms combe examined in the hypertension model of chronic angioplete healing of the inflammatory disease, and underlines tensin II infusion (abstract; Wenzel et al, J Am Soc the main conclusion of the present study.
Nephrol 10:564, 1999). However, we did not detect any Therefore, two conclusions can be drawn from these protective effects of Goldblatt hypertension on the ATS presented data. First, renovascular hypertension does not prevent healing of the ATS nephritis, and second, nephritis, at least in the present and former studies [14] . the nephritis does not enhance the hypertensive lesion Interestingly, a shortened lifespan was recently dein the kidney of Goldblatt hypertensive rats.
scribed by Iversen and Ofstad in rats with immune comIt is well known that systemic hypertension is a major plex glomerulonephritis and deoxycorticosterone acerisk factor that determines the rate of progression of tate salt hypertension [9] . The reason for the different human renal disease. Moreover, numerous experimental findings is not yet clear. However, the possibility exists of and clinical studies have documented a strong nephroa different susceptibility of different models of nephritis protective effect of antihypertensive therapy. The data toward high blood pressure [44] . of the present study seem to be somewhat in contrast to In summary, despite severe hypertension and glomerthese findings. The initial phase and the healing of the ular as well as tubulointerstitial injury that occurs in lesions in the ATS nephritis are experimental models hypertensive rats, a particularly exciting observation of that are convenient for studying mechanism of glomeruthe present study is that the glomerular proliferation lar injury but with no corresponding disease occurring and monocyte infiltration returned to normal when the in the human. However, one might conclude from the nephritis was induced in hypertensive rats. Hypertension present data that the mechanism by which high blood obviously did not have any effect on the healing process pressure accelerates progression of renal disease is at in this model of a mesangioproliferative glomeruloneleast not by interfering with the resolution of glomerular phritis. Moreover, the nephritic lesions did not amplify lesions. As shown previously [42] and confirmed in the the hypertensive lesions, which are those of focal glomerpresent study, in rats injected with one dose of anti-Thy-1 ulosclerosis. This is a provocative finding since one might antibody, the glomerular disease resolves, but if multiple think that it questions the well-known detrimental effect doses are administered in the "double-hit" model, a proof high blood pressure on renal function and structure. gressive and irreversible glomerulosclerosis develops [43] .
However, the decreased survival of both hypertensive The effect of hypertension on this process is unknown groups should be considered. Therefore, the pathophysiand is currently under investigation to gain insight on ological and therapeutic importance of the observations whether concurrent hypertension has a greater impact on that process by either enhancing the hypertension of the present study must be defined further.
